•
The phylogeny delineated five main lineages that all contained diploid species while 8 0 polyploid groups were clustered in a polytomy and were found to originate from a single
INTRODUCTION
Phylogenetic reconstruction of all the taxa sampled was undertaken using Bayesian analysis 2 8 7 of the chloroplast matK gene and the nuclear ribosomal ITS region (Table S2 and S3). The related genera ( Fig. S1 and S2 ). The two phylogenetic trees have a very similar topology 2 9 0 although some branches of both trees can be lowly supported. Incongruences were also 2 9 1 observed for A. deamii and the genus Bryaspis, but the conflicting placements are poorly 2 9 2 supported and were thus interpreted as a lack of resolution typical of single-marker trees, 2 9 3 rather than strong incongruence. To improve the phylogenetic resolution among the major 2 9 4 lineages, the matK gene and the ITS sequence datasets were combined into a single 2 9 5 phylogenetic analysis where only well-supported nodes were considered (posterior probability 2 9 6 (PP) ≥ 0.5) ( Fig. 1) . Our analysis recovered a grade of five main lineages with a branching 2 9 7 order that received robust support (PP≥ 0.92): (1) a basally branching lineage represented by Nod-independent clade (Arrighi et al., 2012 (Arrighi et al., , 2014 , (4) a newly-identified lineage containing In large part, our work also provided good species-level resolution and demonstrated that Aeschynomene and a number of other genera related to Aeschynomene (Fig. 1) (Chaintreuil et 3 0 6 al., 2013; Lavin et al., 2001; LPWG, 2017; Du Puy et al., 2002) . The combined analysis also 3 0 7 grouped the genus Bryaspis with the species related to A. afraspera in a highly supported 3 0 8 clade but its exact position with respect to other taxa remained inconclusive, as previously 3 0 9 observed ( Fig. 1) (Chaintreuil et al., 2013) . Most noticeably, several intergeneric relationships genus Humularia (referred to as the BRH clade herein after) ( Fig. 1 ). This clade supports Rueppellia and the genus Humularia and brings into question their taxonomic separation 3 1 5 (Gillett et al., 1971) . The revised Aeschynomene phylogeny was used as a backbone tree to investigate the 3 1 9 evolution of ploidy levels. Previous studies had demonstrated that the A. evenia clade is 3 2 0 mostly diploid (2n=2x=20) even if some species such as A. indica (2n=4x=40, 2n=6x=60) 3 2 1 appear to be of recent allopolyploid origin (Arrighi et al., 2014; Chaintreuil et al., 2018) . Conversely, all the species of the A. afraspera group were found to be polyploid 3 2 3 (2n=4x=28,38,40, 2n=8x=56,76) and to have a common AB genome structure but the origin DNA content were determined (appended to labels in Fig. 2a , Table S1 2=28), suggesting that the corresponding groups are most probably polyploid. Species with 3 3 4 chromosome numbers departing from 2n=40 are likely to be of disploid origin as already schimperi highlight the genomic differentiation of the various taxa ( Fig. 2a , Table S1 ). To firmly link chromosome numbers to ploidy levels and to clarify genetic relationships 3 3 9 between the different lineages, we cloned and sequenced four nuclear-encoded low-copy 3 4 0 genes in selected species: CYP1 (Cyclophilin 1), eiF1α (eukaryotic translation initiation factor 3 4 1 α ), SuSy (Sucrose Synthase) and TIP1;1 (tonoplast intrinsic protein 1;1) (Table S2 ). For all 3 4 2 diploid species, only one gene sequence was obtained, while for all the polyploid species, in 3 4 3 almost all cases, a pair of putative homeologues was isolated, thus confirming their genetic 3 4 4 status inferred from the karyotypic data (Table S3 ). In general, the duplicated copies were 3 4 5 highly divergent and nested in two different major clades in the resulting Bayesian phylogenic trees generated for each gene (Fig. S5 ). One clade contained all the A copies (except for one the B copies previously identified in A. afraspera (Chaintreuil et al., 2016b) . These two 3 4 9 clades A and B did not always receive high support, however it is notable that the A copies 3 5 0 formed a monophyletic group with, or sister to, the A. patula sequence and similarly the B 3 5 1 copies with, or sister to, the Soemmerignia semperflorens sequence, in all gene trees ( Fig. S5 ).
5 2
In an attempt to improve phylogenetic resolution, the four gene data sets were concatenated. This combination resulted in a highly supported Bayesian tree that places the A copy clade as 3 5 4 the sister to the diploid A. patula (PP =1), and the B copy clade as sister to the diploid S. semperflorens (PP =1) ( Fig. 2b) . As a result, these phylogenetic analyses combined to 3 5 6 karyotypic data show that all the five main lineages contain diploid species. They also reveal 3 5 7 that all the polyploid groups share the same AB genome structure, with the diploid A. patula In addition, an ancestral state reconstruction analysis performed on the ITS+matK phylogeny 3 6 1 indicates that diploidy is the ancestral condition in the whole revised group and that 3 6 2 tetraploidy most likely evolved once in the polytomy (Fig. S6 ). To provide support on a 1 3 development, A. montevidensis and S. semperflorens. For these three species, either the 4 0 6 culture conditions or the Bradyrhizobium strains used were not appropriate ( Fig. 4a ).
0 7
The non-photosynthetic strain DOA9 displayed a wide host spectrum but was unable to 4 0 8 nodulate the Nod-independent species, A. deamii, A. evenia and A. tambacoundensis. The 4 0 9 photosynthetic strain ORS285 efficiently nodulated A. afraspera and the Nod-independent 4 1 0
Aeschynomene species (Fig 4a) , as previously reported (Chaintreuil et al., 2013) .
Interestingly, the ORS285 strain was also able to induce nitrogen-fixing nodules in A. patula and Smithia (Fig. 4a ). To examine if in these species the nodulation process relies on a Nod-4 1 4 dependent or Nod-independent symbiotic process, we took advantage of the availability of a 4 1 5 ∆ nod mutant of the strain ORS285. None of them were found to be nodulated by 4 1 6
ORS285∆nod, suggesting that the nodule formation depended on a Nod signaling in these 4 1 7 species (Fig. 4a ). In fact, the ORS285∆nod mutated strain was able to nodulate only species for the diploid Aeschynomene species (as detailed in Fig. 4b-d ) with the DOA9 and ORS278 4 2 5 strains being specific to the Nod-dependent and Nod-independent groups respectively and 4 2 6
ORS285 showing a gradation of compatibility between both. To further characterize the diploid species that fall outside of the Nod-independent clade, in 4 3 0 which A. evenia lies, they were analysed for their developmental properties and genetic 4 3 1 diversity ( Fig. 5a ). All species are described as annuals or short-lived perennials ( two groups (Fig. 5a ). This has an impact on plant manipulation, because for A. patula and S. controlled seed set were not met ( Fig. 5a ). Madagascar (Du Puy et al., 2002; Lock, 1989; Rudd, 1955) . Several species have a narrow 4 5 0 geographic distribution or seem to be infrequent, explaining the very limited accession 4 5 1 availability in seedbanks (Fig. 5a ). This is in sharp contrast with both A. americana and A. accessions for A. villosa, and spanning their known distribution was used (Table S4) . A 4 5 6
Genotyping-By-Sequencing (GBS) approach resulted in 6370 and 1488 high quality America (Fig. 5c, Table S4 ). Converly, a clear geographical division was observed for A. suggests that this allopolyploid event preceded a rapid and major diversification of 4x groups 5 0 1 that have been ascribed to different Aeschynomene subgenera or totally distinct genera that clades also a more precise delimitation of species boundaries (for morphologically similar 5 0 8 taxa but which are genetically differentiated or correspond to different cytotypes) and 5 0 9
revealed intraspecific genetic diversity that is often geographically-based as showed for the bradyrhizobia that are present in aquatic environments also appears to have evolved several bradyrhizobia has been reported only for the A. evenia and A. afraspera clades, and for A. fluminensis (Loureiro et al., 1995; Miché et al., 2010; Molouba et al., 1997) . Nevertheless, we could not test the photosynthetic strains isolated from A. fluminensis nodules and the nature of the strains present in those of the newly studied species A. patula has not been investigated photosynthetic Bradyrhizobium ORS278 and ORS285 strains. In addition, we can ask if the 5 2 9 semi-aquatic lifestyle and/or nodulation with photosynthetic bradyrhizobia may have 5 3 0 facilitated the emergence of the Nod-independent symbiosis in the A. evenia clade. To uncover whether the absence of detection for several key symbiotic genes in the root and combined with a mutagenesis approach is presently being undertaken for A. evenia in our elucidate the genetic changes that enabled the emergence of the Nod-independent process. undergoing increased development in the study of symbiosis. They enabled unravelling gene 5 4 2 loss linked to the lack of developing a symbiosis in certain plant lineages but also to identify 5 4 3 new symbiosis genes (for arbuscular mycorrhizal symbiosis (Delaux et al., 2014; Bravo et al., 5 4 4 2016); for the nodulating symbiosis (Delaux et al., 2015; Griesmann et al., 2018) .
4 5
Comparative work on symbiotic plants is often hindered, however, either by the absence of it and A. evenia without the problem of potential strain effects on symbiotic responses. In 5 7 7 addition, when considering the Aeschynomene phylogeny, A. patula is more closely related to 5 7 8 A. evenia than is A. americana, and so it may be more suitable to demonstrate the changes 5 7 9 necessary to switch a Nod-dependent to a Nod-independent process or vice-versa. Developing Nod-independent symbiosis. We thank the different seed banks and herbaria for provision of seeds and herbarium vouchers 5 8 9
that were used in this study. The present work has benefited from the facilities and expertise The Bayesian phylogenetic reconstruction was obtained using the concatenated ITS (Internal based on the T2 tree with reticulations in blue (detailed in Fig. S7 ). accessions are provided in Table S4 . Bayesian phylogenetic reconstruction obtained using the chloroplast matK gene. Numbers at 8 3 0
branches are posterior probability. sequence. Numbers at branches are posterior probability. Root tip metaphase chromosomes stained in blue with DAPI (4',6-diamidino-2-phenylindole). Chromosome numbers are indicated in brackets. Scale bars: 5 µm. Root tip metaphase chromosomes stained in blue with DAPI (4',6-diamidino-2-phenylindole).
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Chromosome counts are indicated in brackets. Scale bars: 5 µm. 
